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The potential role of T-cells and their interaction
with antigen-presenting cells in mediating
immunosuppression following trauma-hemorrhage
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Florian Loehe1, Christiane J. Bruns1, Eugen Faist1, Irshad H. Chaudry2, Martin K. Angele1
1Department of Surgery, Klinikum Grosshadern, Ludwig Maximilians University, Munich, Germany
2Center for Surgical Research and Department of Surgery, University of Alabama at Birmingham, Birmingham,
Alabama, USA
Objective: Trauma-hemorrhage results in depressed immune responses of antigen-presenting cells (APCs) and T-cells.
Recent studies suggest a key role of depressed T-cell derived interferon (IFN)-g in this complex immune cell
interaction. The aim of this study was to elucidate further the underlying mechanisms responsible for dysfunctional
T-cells and their interaction with APCs following trauma-hemorrhage.
Design: Adult C3H/HeN male mice were subjected to trauma-hemorrhage (3-cm midline laparotomy) followed by
hemorrhage (blood pressure of 35 5 mmHg for 90 min and resuscitation) or sham operation. At 24 h thereafter,
spleens were harvested and T-cells (by Microbeads) and APCs (via adherence) were Isolated. Co-cultures of T-cells
and APCs were established for 48 h and stimulated with concanavalin A and lipopolysaccharide. T-Cell specific
cytokines known to affect APC function (i.e. interleukin(IL)-2, IL-4 and granulocyte-macrophage colony-stimulating
factor (GM-CSF)) were measured in culture supernatants by Multiplex assay. The expression of MHC class II as well
as co-stimulatory surface molecules on T-cells and APCs was determined by flow cytometry.
Results: The release of IL-4 and GM-CSF by T-cells was suppressed following trauma-hemorrhage, irrespective
of whether sham or trauma-hemorrhage APCs were present. Antigen-presenting cells from animals subjected to
trauma-hemorrhage did not affect T-cell derived cytokine release by sham T-cells. In contrast, T-cells from trauma-
hemorrhage animals depressed MHC class II expression of CD11c(þ) cells, irrespective of whether APCs underwent
sham or trauma-hemorrhage procedure. Surprisingly, co-stimulatory molecules on APCs (CD80, CD86) were not
affected by trauma-hemorrhage.
Conclusions: These results suggest that beside IFN-g other T-cell derived cytokines contribute to immunosuppression
following trauma-hemorrhage causing diminished MHC II expression on APCs. Thus, T-cells appear to play an
important role in this interaction at the time-point examined. Therapeutic approaches should aim at maintenance of
T-cell function and their interaction with APCs to prevent extended immunosuppression following trauma-hemorrhage.
Keywords: Antigen-presenting cells, dendritic cells, MHC class II, cytokines, co-stimulatory molecules
INTRODUCTION
Trauma and severe blood loss are associated with
depressed cell-mediated immunity, resulting in an incre-
ased susceptibility to infectious and septic complications.1
In particular, the interaction between innate
(e.g. antigen-presenting cells [APCs]) and adoptive
(e.g. T-cells) immunity is thought to play a pivotal
role in the induction of an adequate cell-mediated
immune response.2,3
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Alterations in the immune response of APCs and
T-cells have been demonstrated following trauma and
blood loss. In particular, MHC class II expression is
suppressed on APCs resulting in decreased antigen
presentation capacities following trauma-hemorrhage.4
Moreover, the ability of APCs to release cytokines in
response to lipopolysaccharide (LPS; i.e. interleukin
(IL)-12) is diminished following trauma and blood loss.5
Similarly, T-cell derived Th1 cytokine productive
capacities (i.e. IL-2, interferon(IFN)-g, granulocyte-
macrophage colony-stimulating factor (GM-CSF)) are
suppressed whereas the release of immune-suppressive
Th2 cytokines (i.e. IL-4, IL-10, GM-CSF) is increased.6
This suppression of T-cell and APC functions persists
for up to 7 days following trauma-hemorrhage and is
associated with an increased susceptibility to sepsis.7
For an adequate immune response, an intact inter-
action between APCs and T-cells is required. In this
respect, APC-derived IL-12 has been shown to activate
T-cell responses causing an increased release of IFN-g
and IL-2.8 Conversely, the synthesis and release of IL-12
is thought to be regulated by T-cell derived IFN-g.8
In addition, several surface molecules like T-cell-
receptor, MHC class II on APCs and corresponding
co-stimulatory molecules (i.e. CD4, CD8 and CD28 on
T-cells and CD80 [B7-1] and CD86 [B7-2] on APCs) are
involved in the complex interaction of APCs and T-cells.
Although many studies have been directed towards
investigating the immune cells separately and their
interaction following trauma and blood loss, it is not
known which immune cell is predominately responsible
for immunosuppression under those conditions. Recent
data suggest that APCs appear to be involved in initiating
immunodysfunction.9 Conversely, studies by Walz et al.2
indicated that trauma-hemorrhaged APCs did not affect
IFN-g release by sham T-cells, while T-cells from
trauma-hemorrhaged animals depressed IL-12 release by
APCs if analyzed 24 h after shock. Thus, T-cells might be
responsible for prolonged immunosuppression after
trauma-hemorrhage. The aim of the present study, there-
fore, was to investigate T-cell–APC interaction in order to
clarify the immunosuppressive effect of T-cells on APCs
following trauma-hemorrhage. The results from the
present study may further help elucidate the pathophy-
siological mechanisms of immunosuppression following
trauma-hemorrhage, thus allowing development of new
targets for specific immunotherapy.
MATERIALS AND METHODS
Animals
C3H/HeN mice (Charles River, Sulzfeld, Germany)
aged 6–8 weeks were used in this study. All procedures
were carried out in accordance with the guidelines set
forth in the Animal Welfare Act and the Guide for the
Care and Use of Laboratory Animals by the National
Institutes of Health. The Institutional Animal Care and
Use Committee of the Regierung von Oberbayern and
the Ludwig-Maximillians-University, Munich, Germany
approved this project.
Experimental groups
Male mice were randomly assigned to sham operation or
trauma-hemorrhage (n ¼ 10/group).
Trauma-hemorrhage-procedure and sham operation
Mice were lightly anesthetized with a mixture of
Isoflurane (Forene; Abbott Laboratories, Abbott Park,
IL, USA), N2O and O2 and then turned into a supine
position. A 2.5-cm mid-line laparotomy was performed
(i.e. trauma was induced), which then was closed
aseptically in two layers using Ethilon 6-0 sutures
(Ethicon, Inc., Somerville, NJ, USA). The femoral
arteries were aseptically cannulated with polyethylene
10 tubing (Clay-Adams, Parsippany, NJ, USA) using
minimal dissection techniques. Blood pressure (BP) was
constantly monitored by attaching one of the catheters to
a blood pressure analyzer (Digi-MedTM, Louisville, KY,
USA). Upon awakening, the animals were bled rapidly
through the other catheter to a mean BP of 35 5 mmHg
(BP pre-hemorrhage was 95 5 mmHg), which was
maintained for 90 min. At the end of that period, the
animals were resuscitated intra-arterially with lactated
Ringer’s solution (4 times the shed blood volume over
30 min) to provide adequate fluid resuscitation.
Lidocaine was applied to the groin incision sites, the
catheters were removed, vessels ligated and groin
incisions closed.
Sham-operated animals underwent the same groin
dissection, which included ligation of both femoral
arteries; however, neither hemorrhage nor fluid resusci-
tation was carried out. Mortality was not observed in this
model of trauma-hemorrhage. The trauma-hemorrhage
procedure was carried out at the same time of the day in
order to avoid fluctuations of plasma hormone levels due
to circadian rhythm.
Cell harvesting procedure
Animals were sacrificed by an overdose of Isoflurane
(Forene) 24 h after trauma-hemorrhage or sham opera-
tion. The spleens were then removed aseptically and
placed in cold and sterile phosphate-buffered-solution
(PBS; Merck, Darmstadt, Germany). The spleens were
234 Walz, Zedler, Schneider et al.
 at LMU Muenchen on June 17, 2013ini.sagepub.comDownloaded from 
dissociated by grinding between two cold and sterile
microscope slides, suspended in PBS and centrifuged
at 300 g for 10 min. After resuspension of cellular
elements, erythrocytes were lysed hypotonically.
T-Cell separation
T-Cells were separated by using a ‘Pan T-cell Isolation
Kit’ (Miltenyi Biotec, Bergisch Gladbach, Germany),
as described by the manufacturer. This system allows
negative selection of T-cells via magnetic labelling of all
other immune cells. Non-labelled T-cells remained
undetected and were allowed to rinse through the
magnetic column. In brief, after a two-step labelling of
all non-T-cells (i.e. macrophages, dendritic cells, natural
killer cells and B-cells), the suspension was allowed to
run through a depletion column (composed of ferromag-
netic fibers) inserted within a strong magnetic field. The
unlabeled T-cells were eluted by repeated washing of
the column within the magnetic field. Following this
isolation procedure, T-cell purity was found to be 95%.
T-Cell and APC functions were not significantly
affected using cell sorting via Microbeads.
Separation of antigen-presenting cells
Using the remaining cell suspension after T-cell isola-
tion, APCs were separated using their ability to adhere
on culture plates. In brief, 1 106 cells/well of this cell
suspension were incubated for 2 h in 24-well plastic
tissue culture plates. The APCs were allowed to adhere
on the plastic surface and the non-adherent cells were
removed carefully by washing with warm cell-medium.
Approximately 100,000 of adherent cells (APCs)
remained in each well.
Cell culture
In an attempt to establish physiologically relevant
co-culture conditions, 0.5 106 trauma-hemorrhaged
or sham T-cells were added to the adherent APCs from
trauma-hemorrhaged or sham animals to achieve a ratio
of 5:1. This co-culture system resulted in four study
groups: group 1, sham T-cellsþ sham APCs; group 2,
sham T-cellsþ trauma-hemorrhage APCs; group 3,
trauma-hemorrhage T-cellsþ sham APCs; and group 4,
trauma-hemorrhage T-cellsþ trauma-hemorrhage APCs.
As controls, single cultures of T-cells and APCs without
co-culturing were established. Co-cultures were incu-
bated in 1 ml of Dulbecco’s Modified Eagle Medium
(Gibco, Invitrogen Carlsbad, CA, USA) with 10%
inactivated fetal calf serum (FCS; Cambrek, Belgium)
and 0.1% gentamycin (BioWhittaker, Belgium) for 48 h
at 37C and 5% CO2 and stimulated with 2.5 mg/ml
sterile and cell culture tested concanavalin A (ConA;
Sigma-Aldrich, Saint Louis, MO, USA) and 1 mg/ml
cell culture tested LPS from Escherichia coli O55:B5
(53% protein, TCA extracted; Sigma-Aldrich). In
addition, co-cultures without stimulation were estab-
lished to observe the spontaneous secretion of cytokines
by T-cells and APCs. After 48-h incubation, the super-
natants were harvested, aliquoted and stored at 70C.
In addition, cultivated cells were harvested and inves-
tigated via flow cytometry.
Assessment of cytokines
Interleukin-2, IL-4, IL-10, and GM-CSF were deter-
mined in the supernatants with kits from BioRad
Laboratories (Hercules, CA, USA) as proposed by the
manufacturer. In brief, for multiplex assay, 50 ml of each
sample were allowed to react with the cytokine-specific
antibody-conjugated beads in microplate wells. The
flow-based Bio-Plex protein array system identifies
and quantifies each specific reaction based on bead
colors according to the manufacturer’s information. The
magnitude of the reaction was measured using fluores-
cently labelled reporter molecules, also specific to each
target protein.
Flow cytometry
In an attempt to characterize T-cells (CD3, CD4, CD8
and CD28) and APCs (CD11b, CD11c, CD80, CD86 and
MHC II) following co-culture, four color analyses were
performed. For this purpose, the following antibodies
were used: CD3" FITC (clone 145-2C11; B&D
Pharmingen, San Diego, CA, USA), CD4 ECD (clone
RM4-5; Caltag Laboratories, Burlingame, CA, USA),
CD8a Tri-Color (clone 5H10; Caltag Laboratories) and
CD28 PE (clone 37.51; Beckman Coulter, Fullerton,
CA, USA). Antigen-presenting cells were labelled with
MHC class II SPRD (clone NIMR-4; Beckman Coulter),
CD11b ECD for macrophages (clone M1/70.15; Caltag
Laboratories), CD11c PE or Alexa Fluor 488 for
dendritic cells (clone N418; Caltag Laboratories),
CD80 FITC (clone 16-10A1; B&D, Pharmingen, San
Diego, CA, USA) and CD86 PE (clone GL1; B&D,
Pharmingen).
Flow cytometry was performed using a standard
protocol. In brief, after 48-h cell culture, all cells of
each well were washed with buffer (PBS plus 1% BSA),
centrifuged at 300 g for 5 min and blocked for 10 min on
ice with 2 mg Fc-blocking antibody (clone 2.4G2; B&D
Pharmingen) to avoid unspecific binding. After repeated
washing and centrifugation at 300 g for 5 min, the cells
were incubated for 15 min with various combinations
of primary antibodies (combinations above) against
T-cells-APC interaction following hemorrhage 235
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surface markers. Six colors of fluorescence were used:
FITC (fluorescein–isothiocyanate), Alexa Fluor 488,
R-PE (phycoerythrin), SPRD (phycoerythrin–cyanin 5),
Tri-Color (R-phycoerythrin–cyanine 5 tandem) and
PE-TR (phycoerythrin–Texas Red) to allow detection
of several surface markers in one analysis.
After repeated washing, cells were acquired using a
Coulter EPICS XL flow cytometer and 20,000–30,000
events were collected for analysis. To achieve antibody
repletion, preliminary titrations were performed; addi-
tionally, isotype controls were created for each surface
marker used in this setting. The relative fluorescence
intensity of a given sample was calculated by subtracting
the signal obtained when cells were incubated with the
corresponding isotype control from the signal generated
by cells incubated with the test antibody.
Statistical analysis
The results are presented as mean SEM. One-way
ANOVA followed by the Student–Newman–Keul’s test
or Tukey’s test as a post hoc test for multiple compa-
risons were used to determine the significance of the
differences between experimental means. A P-value of
less than 0.05 was considered to be significant.
RESULTS
Cytokine release by T-cell/APC co-culture
In an attempt to characterize T-cell responses within the
T-cell/APC co-cultures, both Th1 (IL-2, GM-CSF) and
Th2 (IL-4, IL-10, GM-CSF) cytokines were determined.
The release of IL-2 slightly decreased in the presence
of hemorrhaged T-cells or APCs cultured with sham
APCs (group 2) or T-cells (group 3) when compared to
group 1 (sham T-cells and sham APCs; Fig. 1). This
decline, however, was not significant. Only group 4
(co-cultured hemorrhaged T-cells and APCs) displayed
significantly suppressed IL-2 release capacities.
The production of GM-CSF (Fig. 2) by sham T-cells
was similar, irrespective of whether co-cultured APCs
were harvested from sham (group 1) or trauma-hemor-
rhaged animals (group 2). Trauma-hemorrhaged T-cells
co-cultured with sham or trauma-hemorrhaged APCs
displayed significantly depressed capacity to release
GM-CSF.
Likewise, sham T-cells produced similar amounts of
IL-4 (Fig. 3) when co-cultured with APCs harvested
from sham (group 1) or trauma-hemorrhaged animals
(group 2). Trauma-hemorrhaged T-cells showed signifi-
cantly reduced capacity to release IL-4, irrespective of
whether they were co-cultured with sham or trauma-
hemorrhaged APCs.
The release of IL-10 was similar in all study groups
(Fig. 4). In addition, separate T-cells and APCs were
cultured and stimulated with ConA and LPS.
Interestingly, T-cells, but not APCs, released IL-10
when incubated separately. The release of separately
cultured T-cells was unaffected by trauma-hemorrhage
compared to sham operation.
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Fig. 1. Co-cultures of T-cells and antigen presenting cells (APCs)
harvested 24 h after sham or trauma-hemorrhage: group 1, sham T-
cellsþ sham APCs; group 2, sham T cellsþ trauma-hemorrhage APCs;
group 3, trauma-hemorrhage T-cellsþ sham APCs; and group 4, trauma-
hemorrhage T-cellsþ trauma-hemorrhage APCs. Co-cultures were
stimulated for 48 h with ConA and LPS. The T-cell-derived cytokine
IL-2 was measured in the supernatants by Multiplex assay. n¼ 8–10 per
group, mean SEM, ANOVA, #P50.05 versus group 1.
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Fig. 2. Co-cultures of T-cells and antigen presenting cells (APCs)
harvested 24 h after sham or trauma-hemorrhage: group 1, sham T-
cellsþ sham APCs; group 2, sham T cellsþ trauma-hemorrhage APCs;
group 3, trauma-hemorrhage T-cellsþ sham APCs; and group 4, trauma-
hemorrhage T-cellsþ trauma-hemorrhage APCs. Co-cultures were
stimulated for 48 h with ConA and LPS. The T-cell-derived cytokine
GM-CSF was measured in the supernatants by Multiplex assay. n¼ 8–10
per group, mean SEM, ANOVA, *P50.05 versus group 1, #P50.05
versus group 2.
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Cell-surface molecules
CD4Q/CD8Q distribution within T-cell population
The expression of the T-cell-specific surface molecule
CD3, phenotypic aspects and the stimulation status were
similar in all study groups and, therefore, not altered by
trauma-hemorrhage.
The CD4þ/CD8þ ratio of T-cells from hemorrhaged
or sham-operated animals was the same, independent of
whether they were co-cultured with trauma-hemor-
rhaged or sham APCs. However, trauma-hemorrhage
consistently decreased the CD4þ/CD8þ ratio on T-cells
irrespective of whether they were co-cultured with APCs
from both groups (trauma-hemorrhage or sham),
although this effect did not reach statistical significance
(Table 1).
Co-stimulatory molecules on T-cells and APCs
Antigen-presenting cell-specific surface markers (i.e.
CD80 and CD86), which are involved in the interaction
with T-cells, were not affected by trauma-hemorrhage as
indicated by comparable expression in all groups (data
not shown).
Expression of MHC class II on APCs
The expression of MHC class II was significantly
suppressed in trauma-hemorrhaged and sham CD11c
positive cells (dendritic cells) when APCs were
co-cultured with trauma-hemorrhaged T-cells compared
to group 1 (sham T-cells and sham APCs; Fig. 5).
Trauma-hemorrhaged APCs positive for CD11c co-
cultured with sham T-cells (group 2) also displayed
diminished MHC II expression as opposed to sham
APCs co-cultured with sham T-cells (group 1). This
decrease, however, was not statistically significant
(P40.05) although it appears biologically relevant.
Moreover, MHC class II expression of hemorrhaged
APCs co-cultured with sham T-cells (group 2) was not
significantly different to groups 3 and 4. Interestingly,
MHC class II expression on CD11b positive APCs was
neither altered by trauma-hemorrhage nor by co-cultured
trauma-hemorrhaged T-cells.
DISCUSSION
Clinical and experimental studies have demonstrated a
depression of cell-mediated immune responses follow-
ing trauma with severe blood loss. In the post-traumatic
setting, patients are prone to infectious complications
and their mortality is greatly increased.10–12 Defective
immune responses have been shown for both T-cells and
APCs following trauma and severe blood loss. In this
regard, T-cells exhibit reduced capacities to proliferate
and to release cytokines such as IL-2 and IFN-g.2,13
Similar to T-cells, APCs function is also suppressed
following trauma-hemorrhage, as indicated by decreased
cytokine releases and reduced antigen presentation
via diminished MHC II expression.2,4 In those studies,
however, T-cells and APCs were not separated prior
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Fig. 3. Co-cultures of T-cells and antigen presenting cells (APCs)
harvested 24 h after sham or trauma-hemorrhage: group 1, sham T-cellsþ
sham APCs; group 2, sham T cellsþ trauma-hemorrhage APCs; group 3,
trauma-hemorrhage T-cellsþ sham APCs; and group 4, trauma-
hemorrhage T-cellsþ trauma-hemorrhage APCs. Co-cultures were
stimulated for 48 h with ConA and LPS. The T-cell-derived cytokine
IL-4 was measured in the supernatants by Multiplex assay. n¼ 8–10
per group, mean SEM, ANOVA, *P50.05 versus group 1, #P50.05
versus group 2.
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Fig. 4. Co-cultures of T-cells and antigen presenting cells (APCs)
harvested 24 h after sham or trauma-hemorrhage: group 1, sham
T-cellsþ sham APCs; group 2, sham T cellsþ trauma-hemorrhage
APCs; group 3, trauma-hemorrhage T-cellsþ sham APCs; and group 4,
trauma-hemorrhage T-cellsþ trauma-hemorrhage APCs. Co-cultures were
stimulated for 48 h with ConA and LPS. The APC-derived cytokine
IL-10 was measured in the supernatants by Multiplex assay. n¼ 8–10 per
group, mean SEM, ANOVA.
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to incubation. Thus, it remains unknown whether
T-cells and/or APCs are dysfunctional or whether their
interaction is primarily affected following trauma-
hemorrhage.
The interaction between APCs and T-cells has been
shown to be crucial for an efficient immune response.14
In particular, Th1 cytokines (i.e. IFN-g, IL-2 by T-cells)
and APC-derived cytokines, (i.e. IL-12) play an essential
role in this intercellular communication.8 Recent studies
by Kawasaki et al.9 indicated that isolated dendritic cells
harvested 2 h after trauma-hemorrhage caused dimin-
ished T-cell responses in vitro.9 In contrast, anergic
T-cells have been shown to suppress dendritic cell
function.15 Similarly, recent studies by our group using a
co-culture system following immune cell separation
demonstrated that trauma-hemorrhaged T-cells are able
to depress IL-12 release by APCs.2 However, the release
of the T-cell cytokine IFN-g remained unaffected by
trauma-hemorrhaged APCs. These results suggested that
dysfunctional T-cells might be primarily responsible for
the persistent immunosuppression observed following
trauma-hemorrhage. Therefore, the aim of the present
study was to extend those findings by investigating the
interaction between T-cells and APCs in vitro in this
co-culture system following trauma-hemorrhage or
sham operation. The results yield better insight into the
pathophysiological mechanism of the cellular immune
response following trauma-hemorrhage, which may
allow the development of clinically relevant immuno-
modulatory strategies.
For APC isolation, the ability of antigen-presenting
cells to adhere in culture plates was used.16,17 Splenic
T-cells were isolated by negative selection using
magnetic beads resulting in a 95% purification of
T-cells. Since T-cells were not antibody labelled, their
cellular function was not altered by the isolation
procedure.18 B-Cells, NK-cells, gamma delta T-cells,
and Treg were not taken into consideration, since the aim
of the present study was to elucidate further the
interaction between T-cells and APCs. Nonetheless,
studies indicate that B-cells, NK-cells, gamma delta
T-cells, and Treg might affect T-cell and APC func-
tion,19 which will be individually isolated via bead
selection and their role in affecting APC–T-cell interac-
tion evaluated in future studies.
Co-cultures were incubated in the presence of ConA
and LPS as previously described.2,20,21 This stimulation
protocol results in an activation of T-cells and APCs
in vitro.22,23 Recently, LPS-activated monocytes have
been demonstrated to suppress T-cell immune
responses.24 Thus, studies were conducted using stimu-
lation of co-cultures with ConA or LPS to avoid those
interactions.
For a characterization of T-cell and APC function,
IFN-g (Th1 cytokine) and IL-12 (released by APCs)
have been measured in the co-culture supernatants
previously.2 The capacity of APCs and T-cells to release
cytokines upon in vitro stimulation has been shown to
reflect immune cell function. The present work further
extends those results by measuring concentrations of
an additional Th1 cytokine, IL-2, and the Th2 cytokines
IL-4 and IL-10. Additionally, GM-CSF was determined
which exhibits Th1 and Th2 characteristics. Co-cultur-
ing APCs and T-cells limits the interpretation as to
which cell represents the predominant source for the
measured cytokine. In this respect, cytokines IL-2,
IFN-g and IL-4 have been shown to be predominately
Table 1. Percentage of CD4þ and CD8þ T-cells (CD3þ) in the co-culture
CD3þ (%) CD4þ (%) CD8þ (%) CD4/CD8
Sham T-cells/sham APCs 64.9 3.3 50.9 4.2 15.4 0.5 3.31
Sham T-cells/trauma-hemorrhage APCs 62.9 1.4 49.4 2.9 14.9 0.7 3.31
Trauma-hemorrhage T-cells/sham APCs 60.7 1.4 45.9 1.5 17.1 1.7 2.68
Trauma-hemorrhage T-cells/
trauma-hemorrhage APCs
59.3 1.2 45.2 1.3 16.3 1.4 2.72
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Fig. 5. Expression of MHC class II on CD11c(þ) cells (i.e. dendritic
cells) measured by flow cytometry. Group 1, sham T-cellsþ sham APCs;
group 2, sham T cellsþ trauma-hemorrhage APCs; group 3, trauma-
hemorrhage T-cellsþ sham APCs; and group 4, trauma-hemorrhage T-
cellsþ trauma-hemorrhage APCs. Co-cultures were stimulated for 48 h
with ConA and LPS. n¼ 8–10 per group, mean SEM, ANOVA,
MFI¼mean fluorescence intensity, ANOVA, *P50.05 versus group 1.
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released by T-cells.25 Further support for this notion
comes from the findings of this study, which demon-
strated an excessive release of IL-2 and IL-10
by separated T-cells but not APCs (data not shown).
Granulocyte-macrophage colony-stimulating factor,
however, has been shown to be released by T-cells,
macrophages and dendritic cells.26
The results of the present study demonstrate diminished
IL-4 and GM-CSF release capacities by trauma-hemor-
rhaged T-cells irrespective of whether trauma-hemor-
rhage or sham APCs were co-cultured. Those findings are
in line with previous results showing reduced IFN-g and
IL-12 concentrations in co-cultures with hemorrhaged
T-cells and sham or hemorrhaged APCs.2 In contrast, the
release of the Th1 cytokine IL-2 was only significantly
decreased when hemorrhaged T-cells and hemorrhaged
APCs were co-cultured, suggesting that some T-cell
responses may depend on APC function.
In contrast to previous studies by Ayala et al.,27
we did not detect enhanced release of the Th2 cytokine
IL-10 in our model of trauma-hemorrhage. In those
studies, however, non-separated spleen cells were
stimulated only with ConA and not with a combination
of ConA and LPS which might account for the different
results.
With regard to the interaction of T-cells and APCs,
studies indicate that APC-derived IL-12 increases the
release of Th1 cytokines, whereas the Th1 cytokines
IL-2 and IFN-g stimulate the release of IL-12.28 The
study by Walz et al.2 suggests that the depressed release
of IFN-g by trauma-hemorrhaged T-cells is not the result
of diminished APC responses. In contrast, depressed
APC cytokine secretion in the presence of trauma-
hemorrhaged T-cells indicates that the diminished IFN-g
release contributes to a defective APC function. This
observation is supported by studies of Asthana et al.,29
who showed a restoration of the suppressed APC
response following trauma-hemorrhage by IFN-g treat-
ment in vivo. Similarly, Ertel et al.8 demonstrates
salutary effects of IFN-g on the depressed IL-12 release
by PBMCs harvested from septic patients. In contrast,
studies by Kawasaki et al.9 indicate suppressive effects
of APCs harvested 2 h after trauma-hemorrhage on a
T-cell line potentially due to depressed IL-12 release
capacities. Nonetheless, the findings of the present study
together with previous results collectively suggest that
depleted APC responses may be crucial for initiating
immunosuppression early after trauma-hemorrhage,
whereas T-cells predominately contribute to a prolonged
immunodepression.
This evolution in the behaviour of APCs after
trauma and hemorrhage might reflect a process of
maturation of dendritic cells over time following an
inflammatory insult.30 Differentiation of dendritic cells
is, in part, controlled by T-cell-derived cytokines
(i.e. IL-4 and GM-CSF).31 To what extent the depressed
release of IL-4 and GM-CSF by T-cells following
trauma-hemorrhage further affects dendritic cell matura-
tion was not examined and was beyond the scope of the
present study. Nonetheless, studies have demonstrated
that the development of dendritic cells from monocyte
precursors is shifted toward macrophage lineage after
traumatic injury and that the capacity of dendritic cells
to activate and present antigen effectively to T-cells is
impaired.32 Both pathophysiological mechanisms might
contribute to initiate the observed T-cell depression
following trauma and hemorrhagic shock.
In an attempt to characterize T-cells (CD4, CD8, and
CD28) and APCs (CD80 and CD86) further, surface
molecules were measured by flow cytometry. The cell
surface molecules CD3, CD4 and CD8 on T-cells were
not affected by trauma-hemorrhage in the present study.
In contrast, Schneider et al.33 demonstrated a suppressed
ratio of CD4/CD833 whereas Oberbeck et al. 34 found an
increased ratio. Those T-cells, however, were naive as
opposed to stimulated T-cells in the present study. This
might account for the divergent results. Furthermore,
the co-stimulatory molecules CD28 on T-cells and its
ligands on APCs CD80 (B7.1) and CD86 (B7.2) were
also not altered 24 h after trauma-hemorrhage. In this
regard, maximum expression has been reported at 6 days
after stimulation.35 Similarly, Kawasaki et al.9 demon-
strated unchanged CD80 and CD86 expression on
dendritic cells 2 h after trauma-hemorrhage.
In addition, MHC class II expression on APCs was
measured as a functional parameter to quantify the
ability of dendritic cells (CD11c positive) and macro-
phages (CD11b positive) to present foreign antigens.
Expression of MHC class II has been shown to correlate
with the antigen presentation capacity of APCs.4 The
results of the present study indicate that MHC class II
expression was depressed on trauma-hemorrhaged APCs
when co-cultured with trauma-hemorrhaged or sham
T-cells. This decrease, however, was only significant in
the presence of hemorrhaged T-cells. Interestingly, sham
APCs co-cultured with hemorrhaged T-cells also dis-
played significantly decreased MHC II expression. This
suggests that altered T-cell functions following hemor-
rhage may contribute to diminished MHC expression by
APCs. Since MHC class II is regulated, in part, by IFN-
g, which is produced mainly by activated T-cells,
differences in MHC class II expression on APCs may
be linked to the inability of T-cells to produce adequate
amounts of IFN-g.36 Further support for this concept
comes from our findings that the depressed MHC class II
expression on hemorrhaged APCs can be restored, in
part, by co-incubation with intact T-cells harvested
from sham animals. Those alterations in MHC class II
expression on APCs further support the importance
of T-cells in the pathophysiological process of
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immunosuppression following trauma-hemorrhage. It
should be noted that the depression of MHC II in the
present study was restricted to CD11c positive cells,
presumably dendritic cells, which constitute the pre-
dominant antigen-presenting cell population.33 Earlier
studies indicated that trauma-hemorrhage is associated
with significantly decreased capacities to present antigen
and MHC class II expression by splenic APCs.9,33 In
those studies, however, dendritic cells and macrophages
were not separated. Moreover, in those studies naive
APCs were investigated as opposed to cultured APCs.
CONCLUSIONS
The results of the present study extend previous findings
demonstrating altered T-cell–APC interaction following
trauma-hemorrhage which might be responsible for
prolonged immunosuppression under those conditions.
Moreover, T-cells appear to play an important role
in mediating immunodysfunction following trauma-
hemorrhage. In this regard, trauma-hemorrhaged T-cells
depress cytokine responses and the expression of MHC II
by APCs irrespective of whether APCs were subjected to
trauma-hemorrhage or sham operation. Which T-cell-
derived mediator predominately contributes to this
phenomenon, however, remains to be determined.
Alterations in the expression of co-stimulatory molecules
on APCs or T-cells are not evident. Thus, attempts to treat
extended and prolonged immunodepression following
trauma and blood loss should also be directed towards
T-cells and their interaction with APCs.
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